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OBJECTIVE:   This project deals with the investigation of a new class of catalysts for processing
coal liquids.  The catalysts are supported carbides and nitrides of transition metals.  The main
objective is the synthesis, characterization, and testing of the compounds.  Two main thrusts are the
study of the reactivity of supported forms of the materials and investigation of the surface
properties by spectroscopic techniques.

WORK DONE AND CONCLUSIONS:
Preparation and Testing of Carbides and Nitrides

We have carried out extensive studies to understand the synthesis of the materials.  Past
work concentrated on the synthesis of Mo2N, Mo2C and WC.   We have carried out in depth
investigations to understand the synthesis of vanadium carbide, niobium nitride and niobium
carbide.  Our methods employ temperature programmed reaction (TPR) utilizing reactive gases
such as mixtures of methane and hydrogen for the carbides and pure ammonia for the nitrides.

A number of other unsupported compounds were prepared by the TPR method including
carbides and nitrides of Mo, W, V, Nb and Ti.  The phase purity and composition of the samples
were established by X-ray diffraction (XRD) and X-ray photoelectron spectroscopy, while surface
properties were determined by N2 BET and CO chemisorption measurements.  The materials had
surface areas ranging from 20 to 80 m2g-1.  The XRD patterns showed pure phases.

Standard tests were carried out in a trickle-bed reactor to measure the activity of the
compounds in hydrodenitrogenation (HDN), hydrodesulfurization (HDS), and hydrodeoxygenation
(HDO).  Emphasis was placed on HDN since it is the most difficult process step due to the strength
of C-N bonds in coal.  The catalytic tests were carried out using a model liquid feed mixture
containing 3000 ppm sulfur (dibenzothiophene), 2000 ppm nitrogen (quinoline), 500 ppm oxygen
(benzofuran), 20 wt% aromatics (tetralin), and balance aliphatics (tetradecane).  Tests were
conducted at 643 K (370 oC) and 3.1 MPa (500 psig).  The order of activity in HDN and HDS
followed the order Mo2C > WC > Mo2N > NbC > VN > VC > TiN, which corresponded to Group
VI > Group V > Group IV.  The comparisons were made on an equal-surface-area-loaded basis.
The best compound, Mo2C, was even found to be superior in HDN to a commercial sulfided Ni-
Mo/Al2O3 catalyst.



Single Crystal Studies
Besides routine studies on powder materials it was desired to study the transition metal

carbides and nitrides spectroscopically to probe their structural and electronic properties.  For this
reason a parallel study was initiated with single-crystal molybdenum carbide samples.  The study
was carried out using two ultrahigh vacuum systems with capabilities for XPS, UPS, Auger, LEED
and TDS measurements.

SIGNIFICANCE TO FOSSIL ENERGY PROGRAM:  The carbides and nitrides are unique
because they have properties similar to those of the precious metals, but are resistant to sulfur.
Already our preliminary results are promising, with one compound showing higher activity in HDN
than a commercial catalyst.

PLANS FOR THE COMING YEAR:  This is the last reporting period.  All major objectives of
the project were met.  A new class of highly active catalysts for hydroprocessing were identified
and studied.

HIGHLIGHT ACCOMPLISHMENTS:   A series of transition metal carbides spanning Groups
IV-VI were prepared.  The catalysts were tested in the hydroprocessing of a model feed, and were
found to have excellent activity.   The electronic properties of the materials were probed with
NEXAFS spectroscopy, and structure and composition was investigated using XPS, UPS, LEED,
and thermal desorption methods.
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